Energy intake has been decreasing these ten years in Japan, and low energy intake is remarkable especially among young women. We attempted to show the dietary habits and physiological function including glucose tolerance and stamina for endurance-running in contemporary young Japanese women who take insufficient energy. 85 healthy women aged 20.5±1.1 years were enrolled in the present study. Subjects were categorized in two groups; Group I (n=70) with higher energy intake, and Group II (n=15) with lower energy intake than the basal metabolic rate (BMR). Actual energy intake in Group I was 1598.8±282.1 kcal/day, and it was 1019.9±127.1 kcal/day in Group II (p<0.01). Standard 75-g oral glucose-tolerance test was performed, and the capillary glucose value was measured at the fingertip. In Group I, glucose values at fasting, 30, 60 and 120 min were 75.0±9.1, 132.1±25.2, 120.5±27.4, 105.3±19.5 mg/dl, and those in Group II were 78.9±7.7, 155.8±26.6, 142.2±26.6, 112.3±16.0 mg/dl, respectively. The values of Group II at 30 and 60 min showed significantly high (p< 0.01). Stamina and the intake of protein in Group II were significantly lower than those in Group I (p<0.05), and muscle mass and grip strength were less in Group II than in Group I, though there was no significant difference. We indicated with these results that low skeletal muscle was considered to be responsible for the impairment of glucose regulation in Group II. This study showed that young women with low energy intake should take sufficient energy and build skeletal muscle to prevent the impairment of glucose regulation.
Introduction
According to the statistics published by the Ministry of Health, Labour and Welfare of Japan in 2013, average energy intake of Japanese had decreased since 1995, and low energy intake has been remarkable especially among young women these ten years [1] . The energy intake by those who were 20~29 year old in 2013 was 1,628 kcal [1] . Moreover, our preliminary investigation showed that about 20% of young women were taking energy even under basal metabolic rate (BMR) because of their strong desire for thinness [2] . van Abeelen et al. reported that undernutrition in the youth caused the risk of pulmonary disease, coronary artery calcification and the higher risk of type 2 diabetes later in adulthood [3] [4] [5] .
Most serious effect among these is the impairment of glucose tolerance and type 2 diabetes [6, 7] which would be one of the pathogenic factors for atherosclerosis leading to mortal cardiovascular disease [8] [9] [10] [11] .
In addition, some of the young women might become pregnant in the near future and adequate nutrition is required for development of fetus. Many studies in human and animals reported that the adverse effects of prenatal malnutrition on the development of brain function, hypertension, metabolic syndrome in the adulthood [12] [13] [14] [15] . In order to supply sufficient nutrients to the embryo, it is required for young women to have proper dietary habits and take sufficient nutrients for having healthy offspring. It is, therefore, of critical challenge for us to investigate the actual nutritional status in contemporary Japanese young women.
In the present study, we examined the dietary habits, and the effects of low energy intake on physiological function including glucose tolerance and stamina for endurance-running in young women who took insufficient energy. We hope that the results of this study would encourage young women to take sufficient nutrients and energy, and would contribute to the formulation of nutrition education policy in Japan and other countries in similar situation.
Methods
We carried out this study in accordance with the Declaration of Helsinki. This study was approved and carried out according to the guidelines of the ethics committee of human research of Kobe Women's University. Subjects gave written consent to participate in the study. This study was carried out in 2015.
Subjects and body composition 85 healthy young women aged 20.5±1.1 years were enrolled in the present study who were university students mostly from Kansai region of Japan. Body composition including muscle mass, estimated bone mass, body fat percentages were measured by impedance method (BC-716, TANITA Corp., Tokyo, Japan). Grip strength was measured by the squeeze dynamometer. 
Measurement of vascular age

Nutrient intake
In spite of the fact that Group I had significantly higher intake of protein (57.2±12.0 g/day), fat (50.3±10.5 g/day) and carbohydrate (218.9±55.9 g/ day) than Group II (36.5±8.6 g/day, 32.5±9.5 g/day, 136.8±24.7 g/day, respectively), the balance of energy taken from protein, fat and carbohydrate was similar (Fig.2) . Intake of all the other nutrients, minerals, saturated fatty acid, monosaturated fatty acid, polysaturated fatty acid, n-3 fatty acid, n-6 fatty acid, cholesterol and dietary fiber in Group I showed significantly higher than those in Group II (p<0.05) (Table 3) . [27] [28] [29] . It was also reported that the swings in blood glucose level accelerated atherogenesis [30] . These reports suggested that young women with low energy intake in our study might have the higher risk of atherosclerosis leading to mortal cardiovascular disease in their later lives [8] [9] [10] [11] .
Food intake
Our result showed that stamina for endurancerunning was significantly low in Group II. It indicated that subjects in Group II did not have much enough muscle for endurance in running. Actually muscle mass and grip strength were slightly less in Group II.
Generally speaking in elderly individuals, low skeletal muscle, occasionally caused by less intake of protein [31, 32] , would be mainly responsible for postprandial glucose disposal and would be also associated with insulin resistance leading to type 2 diabetes [33, 34] .
Therefore, low skeletal muscle, sarcopenia in older ages, was significantly associated with type 2 diabetes [35, 36] . In our study, subjects were not older persons but young women of 20.5±1.1 years. But still we could assume that the impairment of glucose regulation in Group II was because of the insufficiency of skeletal muscle for the consumption of glucose after glucose loading just the same as shown in sarcopenia in elderly.
Less skeletal muscle in Group II could be considered the reason for the blood glucose level at 30 and 60 min to be significantly high.
Concerning the dietary habits, the intake of all kinds of nutrients in Group II was significantly less than in Group I. The major problem is the deficiency of protein from meats, seafood and eggs which would lead to low skeletal muscle mass [31, 32] . We need to measure skeletal muscle mass and function using leg Since vascular age in both groups were almost same as their actual age, it can be considered that atherosclerosis in Group II was not progressed.
However, the big fluctuation of blood glucose level shown in Group II posed the higher risk of atherosclerosis leading to mortal cardiovascular disease [8] [9] [10] [11] . This study showed that young women with low energy intake should take sufficient energy and build skeletal muscle to prevent the impairment of glucose regulation.
Conclusion
Our study showed that 17.6% of young women who participated in this study were taking energy even under BMR. The subjects with low energy intake impaired glucose regulation and their stamina was significantly low. The impairment of glucose regulation could be considered to be due to less energy intake.
